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A FHOTOGRAMMETSIC  IHSTRUMENTATION  (PI)  SYSTBI  FOR  THE 
DSTKRKINATION  OP  OUIDH)  MISSILE  TRAJECTORIES 

ABSTRACT 

The  present  report  describes  a photogrammetric  instruaentatlon 
(PI)  systea  designed  for  the  detemlnatlon  of  trajectories  of  guided 
alssUes  and  other  projectiles. 

The  basic  portion  of  the  main  instruaent  Is  a precision  altsslmuth 
mounted  plate  caaera,  originally  designated  as  the  Asl>:aoia  phototheodolite. 

Th(!)  nodlflcation  of  this  instrusaent,  the  design  and  deyelqpnent  of 
wfichanicai.  ccsspsnents  and  electronic  Instru^ntatlon  for  es^osure,  200 
ps  synchronisation  and  auxiliary  shutter  coding  are  descidbed. 

The  results  of  an  analysis  of  shutter  control  and  accuracy  of 
dynchroniaatlon  are  given « 


I INTRODUCTION 


The  need  for  trajectory  measurements  of  guided  minsiles  by 
^ound  phutogramnrat^  has  been  steadily  increasing  for  the  past 
several  years*  Such  methods  not  only  provide  positional 

measurements  of  an  accuracy  xmobtainable  by  other  means  but  also, 
in  nary  instances  are  found  to  be  suited  to  rapid  reduction  methods 
by  means  of  opticalHsechanical  evaluation  instruments » 

In  order  to  establish  a hi|^  precision  measuring  intern,  it  is 
necessary  to  meet  the  following  requirements  x 

(a)  precision  geodetic  reference  data 

(b)  two  or  more  plate  cameras  of  high  optical  quality 

(c)  a method  for  precise  synchronization  of  exposure 

(d)  instrumentation  to  record  absolute  and  relative  timing 

(e)  data  reduction  facilities. 

This  report  deals  only  with  the  projects  itaentioned  under  (b)* 

(c)  and  (d)  since  the  baseline  length  measurement  and  data  reduction 
Bsthods  are  separate  developisent  programs* 

The  photograametric  instrumentation  (PI)  system  described  here 
was  designed  and  developed  for  two  purposes*  One  of  these  was  the 
demand  for  instrumentation  to  be  used  for  experimental  testing  of 
newly  developed  methods  of  measuring  guided  missile  trajectories* 

The  other  purpose,  of  no  less  importance,  was  the  urgent  need  for 
precision  positional  data  on  current  guided  missile  programs. 

Two  Askanla  photo  heodolites  (Fig,  l)  were  available  to  serve 
as  the  photographic  Inst  ^mentation*  Each  phototheodolite  consists 
of  two  major  componentjix  ^ plate  camera,  and  a yoke  mount  providing 
an  altazimuth  movement.  Those  iriStruments  were  selected  because  of 
their  high  mechanical-optical  quality,  and  because  of  their  immediate 
availability* 

The  original  Askania  system  was  designed  to  sxilt  a specific 
short  baseline  condition*  However,  for  the  Intended  use  on  l<mg 
hftflpUnfiH-  ths  <?rigin*l  system  was  inadequate*  Thsrsfers,  it 
became  necessary  to  design  a new  synchronization  systm  appl  icable 
to  long  baselines,  as  well  as  mechanical  ccmiponents  for  adapting 
the  cameras  to  a new  control  system* 
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II  BASIC  SYSm  DESI?2? 

Tho  basic  photograimnetrlc  instnsnentatlon  system  consists  of  tvo 
slave  stations  and  one  master  controlling  station,  interconnected  \jy 
wire  lines • 

The  systein  of  synchronization  is  designed  to  force  one  camera 
exposure  time  to  agree  with  that  of  another  camera  controlled  by  a 
freq^ensT  standard.  Each  camera  emplcys  a rotating  disc  shutter  which 
indicates  its  aotiial  mechanical  shaft  position  bgr  means  of  a brush  and 
ccmiatator  (Fig*  2).  The  master  station  scope  monitor  (Fig.  3)  indic- 
ates the  accurapy  of  synchronization  by  disidaying  coincidence  of  the 
indlTidual  brush  pu3ses.  The  tine  of  exposure  of  the  camera  which  is 
not  controlled  by  the  frequency  standard  is  varied  by  changing  the  in- 
put power  characteristics  to  the  camera  motor  until  synchronization  is 
achieved. 

The  master  station  instrumentation  consists  of  a phase  shifting 
device  to  synchronize  the  two  slave  station  cameras,  a recorder  to  ob- 
tain the  absolute  and  relative  tisies  of  exposure,  an  automatic  star  trail 
shutter  control  instrument  and  a coder  to  operate  the  auxiliary  capping 
shutters • 

Bach  slave  station  consists  of  the  Askania  instrument  (Fig.  l), 
a 60  cycle  aj^^lflcation  system  to  drive  the  camera,  a unit  to  control 
various  dial  and  target  lamps,  and  a power  relay  system  to  operate  the 
auxiliary  shutter.  The  Askania  consists  of  two  major  parts:  a plate 
camera  in  which  the  orientatlcm  of  tbs  lens  with  respect  to  the  focal 
plane  is  fixed  and  deterainable  and  a y<^e  mount  to  provide  an  azimuth 
azd  elevation  movement.  The  azimuth  and  elevation  ui^es  are  read 
directly  from  precision  glass  scales.  Also  incorporated  in  the 
InstrunMnt  are  various  dial  lamps,  fiducial  lamps  and  a target  lamp, 
all  of  which  are  controlled  at  the  slave  station.  An  auxiliary 
shutter  (Fig.  U)  provided  for  coding  purposes  (Table  l)  can  be 
controlled  from  the  master  station,  or  either  of  the  slave  stations* 

The  FI  instrumentation  is  designed  bo  operate  without  additional 
equipment  on  baseline  lengths  up  to  100  miles  when  the  slave  stations 
are  connected  hy  Tour  standard  telephone  lines.  The  master  station  may 
be  located  at  either  slave  station,  or  at  some  other  desired  position. 

Ill  HASTO  bi&TIOR  INSTRUMENTATIOK 

The  photogrammetric  instrumentation  control  station  (Fig. 
performs  two  basic  functions: 

(a)  the  control  and  synchronization  of  cameras 

(b)  the  recording  of  shutter  exposures  with  respect  to  time . 

The  instrumentation  which  accomplishes  these  two  functions 
consists  of  the  following  four  assemblies: 

(a)  a phase  shifting  and  monitoring  system  (Fig.  3) 

(b)  a coding  unit  to  operate  auxiliary  shutters  (Fig.  3) 

(c)  instruments  for  recording  relative  and  absolute  timing  (Fig.  6) 

(d)  an  automatic  control  for  star  trail  recording  (Fig.  7) 
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Each  usembly  pcrfczrss  a specific  function  and,  vlth  the  exception 
of  power  supplies  and  line  amplifiers,  can  be  operated  as  a separate 
unit.  The  fundamental  unit  In  the  master  station  Is  the  Qlbbs  60  cycle 
frequency  standard.  This  standard  siqiplles  the  signal  for  all  syn- 
chronisation circuits  and  is  also  used  In  the  star  trail  recording 
operation.  The  output  of  the  frequency  standard  Is  fed  directly  to 
the  line  aiq>lifler  for  PI-A  station  so  that  the  "A"  station  camera 
shutter  motor  will  follow  the  phase  of  the  frequency  standard.  The 
synchronisation  system  circuits  were  designed  to  operate  In  the 
following  manners 

Ea^  camera  contains  a brush  and  commutatcr  idilch  Indicate  the 
actual  shaft  position  of  the  rotating  disc  shutters  In  the  form  of  a 
pulse.  This  pulse  signal  Is  sent  from  both  slare  stations  to  the 
master  station  in  order  to  Indicate  the  time  of  esqposure. 

The  synchronisation  system  Includes  a dusQ.  bean  Dumont  oscilloscope 
to  display  the  shutter  pulses  and  also  to  indicate  the  phases  of  both 
the  frequency  standard  and  the  nultlwlbrator. 

The  camera  driving  frequency  for  PI-B  station  is  the  direct  output 
of  a multivibrator,  suitably  reshaped  Into  a sine  wr  ^e.  This  multi- 
vibrator may  be  either  free-running,  with  frequency  adjustable  manually 
between  58  and  62  cycles  per  second,  or  It  nay  be  synchronised  with  the 
frequency  standard  at  60  cycles  per  second.  In  the  latter  case,  a 
continuously  variable  phase  shifter  jjiterposed  between  the  multivibrator 
and  frequency  standard  provides  for  aianually  delaying  the  phase  of  the 
multivibrator  synchronizing  pulse  over  a range  in  excess  of  360  electrical 
degrees  with  respect  to  the  phase  of  the  frequency  standard. 

Synchronization  of  camera  shatters  may  be  achieved  by  - (a) 
speeding  iq>  or  slowing  down  "B"  camera  motor  by  manipulation  of  the 
free-running  multivibrator  frequency  until  the  shutter  pulse,  as 
viewed  on  the  monitoring  scope  at  the  Master  Station,  shows  approximate 
coincidence  with  the  "A"  shutter  pulse;  (b)  adjusting  the  phase  of  ihe 
multivibrator  synchix>nizing  pulse  to  make  it  coincident  with  the 
multivibrator  switchover  Instant;  (c)  closing  synchronizing  circuit; 

(d)  making  final  adjustment  of  phase  delay  to  bring  "6^~shutter  pulse 
into  exact  coincidence  with  "A"  pulse. 

Also  included  in  the  synchronisation  sy^t^m  is  a and 

mcnitnrLng  circuit.  ^ means  of  this  unit  the  operator  at  the  master 
station  pan  observe  the  ltq>ut  and  output  characteristics  of  various 
circuits  as  well  as  the  ccmblned  shutter  pulses.  The  system  not  only 
allows  c-o"?>lete  monitoring,  but  also  aids  in  locating  coiq)onent  failures. 

The  output  of  the  line  amplifiers  is  of  such  capacity  that  a 
maximum  of  50  miles  of  open  wire  xine  (as  used  at  USTO)  or  20  miles 
of  spiral  four  cable  assembly  be  employed  between  the  master 
station  and  each  slave  station.  Therefore,  idien  the  master  station 
is  located  at  the  center  of  the  baseline,  the  PI-AB  system  will 
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operate  a 100  nile  baseline  without  additional  equipment.  Four  wire 
line  circuits  are  sufficient  to  operate  the  entire  system  since  pro- 
vision is  made  for  simplexisig  the  cosmunication  and  shutter  control 
circuits . 

The  original  Askania  systen  permitted  picture  repetition  rates  of 
■ 12,  6,  3 ard  1 picture  per  second,  which  in  turn  fixed  exposure 

durations  of  1/300,  l/225j  lA50,  1/75  and  l/25  second,  respectively. 
Since  the  camera  boxes  and  shutter  discs  were  designed  for  these 
specific  speeds,  and  the  maximum  possible  speed  is  limited  hy  bear- 
ing and  vibrations  effects,  it  was  necessary  to  design  instrumentation 
which  would  allow  a choice  of  repetition  rates  indepexident  of  exposure 
duration.  The  selection  of  repetition  rates  for  various  exposure  dura- 
tions is  called  "coding",  and  the  instrumentation  to  perform  this  oper- 
ation is  called  the  "Coder*  • This  coder  operates  an  auxiliary  capping 
shutter  which  codes  the  synchronized  disc  shutters,  and  also  operates 
in  conjunction  with  a cam  controx  for  recording  star  trails. 

For  tbs  operation  of  an  auxU.iary  shutter  the  coder  utilizes  a 
deley  circtiit,  a binary  counting  circuit  and  a gating  circuit  followed 
hy  a cathode  follower.  The  combined  shutter  pulse  is  first  fed  to  the 
delay  circuit,  where  a new  pulse  is  formed.  This  pulse  is  delved 
to  correspond  with  the  maximum  duration  of  shatter  opening.  The  de- 
layed pulse  is  then  fed  into  a binary  counter  circuit  which  has  a max- 
iniom  count  of  32.  Each  stage  of  this  counter  is  provided  with  a take- 
off jack.  The  output  of  this  take-off  jack  is  followed  by  a gating 
circuit,  the  output  of  xdilch  is  utilized  to  drive  the  cathode  follower. 

The  coder  operates  as  follows:  The  combined  shutter  pulses  re- 

ceived frofn  the  mixei  circuit  are  delayed  and  counted.  After  a pre- 
determined number  of  disc  openings  have  been  counted,  the  gating  cir- 
cuit is  triggered,  and  the  auxiliary  shatter  is  energized  ly  the  cath- 
ode follower,  allowing  the  next  disc  opening  to  expose  the  camera 
plate.  The  same  pulse  which  correspond  to  the  exposure  also  closes 
the  auxiliary  shutter  so  that  the  folloviing  disc  opening  will  not 
expose  the  plate.  The  coder  can  be  set  to  take  a specific  exposure 
in  a series  of  disc  openings  or  to  drop  an  exposure  in  a serj.es  of 
disc  openings.  The  coder  can  also  be  pre-set  to  c(xnblne  tx»  two 
preceding  operations. 

The  coder  may  be  xised  also  in  the  recording  ox  star  trails . In 
this  operation,  the  coder  operates  the  axxxiliary  shutters  by  a one-per- 
second  pulse.  Since  the  WWV  signal  may  fade  or  be  indistinguishable 
because  of  interference,  a one-per-second  pulse  simulator  was  designed 
and  built.  This  unit  is  synchronized  with  VW7  prior  to  the  star-trail 
recording  operation The  duration  and  sequence  of  opening  of  the 
auocillary  shatter  is  controlled  by  a cam.  In  order  to  avoid  inter- 
polation between  Ibll  seconds  for  shatter  openings,  it  is  desirable  to 
utilize  the  one  second  signal  for  gating  the  cathode  follower.  The 
coder  perfrans  this  operation  automatically  and  the  results  of  the 
auxiliary  shat;ter  coding  are  recorded  on  a dual  channel  brush  oscillo- 
graph. 
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Reoordiz^'  facilities  in  the  PI  master  station  consist  of  three 
assembliest  (a)  a modified  General  Radio  35mm  camera;  (b)  four  SU30 
cavity  flash  tubes;  and  (c)  a 5 inch  Dumont  oscilloscope. 

Modifications  of  the  General  Radio  camera  permit  the  use  of  2000 
ft.  magasines  and  adi^t  the  camera  to  synchronous  motor  drive.  The 
synchronous  motor  is  poversd  hy  & tO  cycle  frtquenqr  standard  eauding 
the  film  to  travel  at  a constant  speed.  Thia  method  permits  'the  film 
sprocket  pex'forations  to  represent  a secondaQr  time  standard. 

Bach  of  the  B*1130  tubes  is  used  to  record  a different  signal. 

One  tube  is  used  to  record  the  time  at  mhich  the  auxiliaxy  shutter  is 
operated.  A second  tube  records  the  ^PQ  binary  and  a third  tube  the 
siq>4rimposed  100  and  2 cycle  timing  codes.  The  fourth  tube  may  be 
used  for  recording  apjr  additional  signal  needed  for  special  problems. 

The  Dumont  oscilloscope  tube  displays  all  combined  shutter  pulses 
and  indicates  the  accuracy  of  camera  synchronisation.  The  pulses  are 
displayed  by  means  of  a horizontal  axis  deflection^  the  sweep  being 
provided  by  t'he  film  movement  of  she  ^recording  camera.  Orientation 
of  the  four  flash  tubes  on  the  same  horizontal  axis  furnishes  a comaon 
time  base  for  all  signals* 
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Another  feature  of  the  master  station  is  the  filial  output  control. 

The  circuitsy  ;JLlows  all  adlustmente  in  the  master  station  to  be  preset 
and  tested  without  sending  a command  signal  to  the  slave  stations  auxiliaiy 
shutters.  Because  of  this  control  circuit,  it  is  iaqpossible  to  energise 
the  auxiliaxy  shutters  wil^out  simultaneously  starting  the  recorder. 

IV  SLAVE  STATION  IKSTRIMENTATION 

The  slave  stations  are  Identical  in  design  and  construction. 

Either  slave  s^'.ation  may  be  controlled  by  the  frequency  standard  or 
by  the  phase  shifter.  In  order  to  describe  the  operation  of  the 
system,  B station  will  be  designated  as  the  variable  station  and  A 
as  the  one  contiralled  by  the  frequency  standard. 

The  slave  station  Instrumentation  (Fig.  0)  consists  of  the 
i'ollowina  four  asaa^llfis* 

(a)  the  Askania  instrument  (Fig.  1) 

(b)  a system  of  as^lil'iers  to  drive  the  camera  motors  (Fig.  9) 

(c)  an  aucLliaiy  shutter  and  its  associated  circuits  (Fig.  U). 

(d)  fiducial,  dial  and  target  light  circuits  (Fig*  9) 

As  has  been  stated  before,  the  Askania  instrument  consists  of  two 
ma  jor  cmq>onentst  a plate  camera  of  hl^  optic al«mechanioal  quality, 
and  a yoke  mount  providing  an  elevation-aslmotb  movement.  Orientation 
of  the  lens  with  respect  to  the  focal  plana  is  maintained  through  the 
u;ie  of  a single  casting.  An  auxiliaxy  lekf  shutter  in  the  camera  can 
be  operated  manually  or  by  remote  control  fr<»i  the  master  station. 
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The  Irle  diaphragm  Is  adjustable  from  ft 5* 5 to  ft  55*  A precision  glass 
circle  to  indicate  elevation  angles  is  located  on  the  camera  box*  This 
circle  is  divided  into  UOO  divisions  (grad  system)  each  of  which  can 
be  set  to  2-1/2  seconds  of  arc.  Four  fiducial  marks  are  projected  onto 
the  focal  plane.  The  elevation  angle , focal  length  of  the  lens  and 
two  channels  of  numerical  coding  are  also  registered  on  the  plate  dur- 
ing the  fiducial  nark  et^sure.  The  rotating-dlsc-shutter  assembly 
consists  of  two  rotating  discs,  each  driven  by  a separate  selsyn  receiver 
motor*  One  disc  deteralnes  the  picture  repetition  rate  and  the  other 
disc  determines  the  exposure  duration.  Mounted  on  each  disc  shaft  are 
a brush  and  commutator  (Fig.  2)  which  are  connected  in  a series  circuit 
so  that  a shutter  pulse  will  be  formed  only  when  the  openings  in  both 
discs  are  in  a specific  position*  The  selsyn  receiver  motors  are  driven 
from  selsyn  transmitters  located  in  the  slave  station  transmission  assembly 
(Fig*  10)* 

The  camera  mount  consistb  of  two  major  assemblies  * A yoke  type 
asimuth  mount  stq;>pcrts  the  camera  trunnion  bearings.  The  yoke  is  in 
turn  si;q)ported  by  a vertical  conical  bearing,  which  is  contained  in 
the  yoke  base  casting.  The  camera  mount  is  provided  with  a precision 
glass  circle  to  indicate  the  azimuth  orientation*  This  circle  is  also 
divided  into  UOO  divisions  each  of  idilch  can  be  set  to  2-1/2  seconds 
of  arc*  An  azimuth  orientation  telescope  is  provided  for  orienting 
each  instrument  with  respect  to  the  baseline*  Incorporated  on  the 
bottom  of  the  mount  is  a target  lamp,  which  together  with  the  azimuth 
telescope,  orients  the  cameras.  Dial  laaq;>8  for  circle  Illumination 
are  controlled  by  the  slave  station  instrumentation* 

The  auxiliaxy  shutters  are  of  the  Venetian  blind  type*  They  are 
solenoid  operated  and  have  an  operation  cycle  time  of  approximately 
twenty-five  milliseconds.  The  shutter  which  is  mouited  externally  on 
the  camera,  is  counterbalanced  for  stability*  Other  accessories  Include 
a fleld-adjxistaient  frame  which  is  used  for  orientation  of  the  camera 
with  respect  to  the  line-of -sight  of  the  azimuth  t&lescope,  a striding 
level  to  measure  the  amount  of  tilt  of  the  horizontal  axis,  and  a focal 
plane  level  idilch  is  used  to  establish  the  optical  axis  horizontal* 

All  of  these  leveling  devices  enploy  5-second  bubbles* 

The  sixty  cycle  au^lification  assembly  for  driving  the  camera 
selsyns  is  ccn^seu  of  the  following  five  sub-assemblies: 

(a)  liaa  ulottrlbution  ana  monitor  circuits* 

(b)  a 20  watt  pre-amplifier. 

(c)  a Qates  300  watt  power  anplifier. 

(di  an  automatic  starting  circuit  for  the  synchronous  motor. 

(e)  a gear  transmission  assembly  controlling  exposure 
repetiticn  rates* 

The  line  distribution  and  monitor  circuits  provide  a means  of 
monitoring  input  and  output  signals  for  all  major  circuits.  This 
feature  is  especially  desirable  f-:r  detection  of  caspcnent  failures 
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and  Bialntenanca  problems.  During  normal  operation  of  the  cameras,  the 
brush  pulse  Is  monitored  enabling  the  slave  station  operator  to  detect 
immediately  asy  irregularity.  The  siBq>lei£  terminations  of  the  intercom 
and  the  auxiliaiy  shutter  CCutx'ul  circuit  are  made  in  the  line  distributics 
circui.t. 

A 20  vatt  pre-aaqplifler  is  used  to  drive  the  Oates  300  watt  power 
amplifier.  The  pre-aaplifier,  of  conventional  desigh,  ei^>lpye  two  807 
tubes  in  a push-pull  circuit.  The  Oates  300  watt  amplifier  eaploys  four 
610  tubes  in  a push-pull  parallel  circuit.  This  amplifier  is  internally 
regulated  by  a Sorenson  12,5  volt  60  ^cle  voltage  regulator. 

The  output  of  the  Oates  anpllfier  provides  the  (tower  to  drive  a 
60  cycle  single-phase  1/12  hp.  synchronous  motor,  nils  motor  is  in  turn 
used  to  drive  the  selsyn  transmitters  in  the  gear  transmission  assembly. 
Ssperlmental  results  from  testing  different  eelsyn  motors  Indicated  the 
necessity  for  modification  in  order  to  adapt  these  units  to  high  speed 
operation.  Therefore,  the  selsyn  rotor  bnuh  assembly  was  redesigned, 
tiie  rotor  bearings  were  changed,  and  a method  was  developed  for  slowly 
accelerating  the  synchronous  motor  to  synchronous  ppeed  in  order  to 
permit  the  receivers  to  follow  the  transmitter  eignals.  The  slow 
acceleration  techhlique  is  accomplished  by  use  of  the  motor  starter 
circuit.  A series  of  tiae-delajl’  relays  is  utilised  to  change  the 
voltage  applied  to  a 1/20  )p.  universal  motor.  The  universal  motor, 
geared  to  the  synchrcnctuf  motor,  is  electrlcal!)y  disconnected  from  the 
amplifier  circuit  irtien  synchronous  speed  is  reached.  Pull  voltage  is 
ipplied  to  the  synchronous  motor  before  the  universal  mowor  is 
disconnected. 

The  gear  transmission  unit  was  designed  end  built  to  withstand 
desert  operation  conditions  and  to  require  a ainimum  of  maintenance. 

The  gears,  fabricated  from  linen  micarta,  are  lubricated  with  Standard 
Oil  of  California  **Galuol*  grease*  Laboratory  tests  Indicate  that  a 
periodic  maintenance  check  after  eveiy  UOO  houra  of  operation  Is  - 
advisable.  The  overall  gear  train  accuracy  at  12  pictures  per  second 
is  .‘50  pm,  and  during  the  first  UOO  hours  of  operation,  no  decrease  in 
this  accuracy  was  measurable.  The  gears  are  easily  changed  and  are 
visible  for  Inspection  during  operation.  The  selsyn  transmitters 
were  also  modified  in  the  sane  manner  as  the  receivers. 

The  auxlliaxy  shutter  is  enexigised  by  a power  relay  circuit.  The 
coder  pulse  received  from  the  master  station  is  used  to  operate  a 
273-B  Western  Electric  merc\uy  relay  which  has  an  operation  time  of 
four  milliseconds,  Ths  relay  is  used  as  a switch  to  connect  28  volts 
direct  current  to  the  shutter  solenoid.  It  can  be  contrcllcd  by  the 
slave  otation,  or  set  to  respond  to  the  master  station  coder  pulse. 

All  dial  lamps  and  the  target  lanp  are  controlled  and  powered  at 
the  slave  atations.  The  fiducial  marks  are  exposed  by  an  automatic 
timing  circuit.  In  order  to  provide  for  variable  e^osurt,  the  voltage 
applied  to  the  fiducial  laap  is  changed  by  means  of  a varlac.  Reproducible 
results  with  tUs  system  were  obtained  from  laboratory  tests. 
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Interccaos  provided  in  each  slave  station  are  slmplexed  with  the 
60  cycle  signal  11ns. 

V OPERATIONAL  PROCEDURE 

The  FI  system  instrumentation  comprises  a complete  Beasttrlng 
system.  After  setting  up  the  cameras^  both  are  started  and  are  brought 
into  synehronlsatica  by  the  master  station.  The  coder  is  then  set  to 
perform  a predetermined  operation  and  the  auxiliary  shutter  relay  cir- 
cuits in  the  slave  stations  are  switched  to  irespond  to  the  coder  pulse. 
Once  the  preceding  steps  are  accomplished^  the  final  switching  to  begin 
photographing  and  recording  is  controlled  by  the  master  station.  For 
star  trail  recording  (Fig.  11 ) the  rotating  disc  shutters  are  locked 
in  an  qpen  positionj) . 

At  the  present  time,  the  FI  system  is  being  field  tested  and  a 
detailed  Instruction  manual  for  operation  is  being  prepared. 

VI  SIBCHRONIZATION  ACCURACY 


Following  a f^eld  simulated  synchronization  test  the  recorder  film 
was  analyzed  for  synchronization  errors.  For  this  test  the  slave  sta- 
tions were  connected  to  the  master  station  through  line  attscuators^ 
idiich  ware  designed  to  approximate  a 100  mile  baseline  of  open  wire  line 
( J.28"  Cu)  as  used  at  VSPQ.  A total  of  38UO  combined  shutter  pulses 
(Fig.  12)  were  measured  for  the  synchronization  error  (/^t).  The  in- 
sulting frequencies  observed  over  an  operation  time  of  about  5*3 
minutes  were  as  follows: 
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50  (is 
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or 

95.8 

50  (is 

^ At  <: 

100  (is 

n - 
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3 
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150  (is 

n ■ 

38 

or 

1 

150  (is 

^ At 

200  (is 

n » 

7 

or 

0.2 

At  > 

200  (iS 

n “ 

0 

or 

0 

% 

% 

% 

% 
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where  n is  the  number  of  pulses 


After  any  of  the  above  irregularities ^ tl»  system  became  com- 
pletely dangled  within  1/3  see.  Since  all  circuits  were  coxuiec^^ed  to 
commercial  power  lines,  the  local  fluctuations  tend  to  influence 
the  system. 

Whereas  the  original  Askanla  synchronisation  control  was  capable 
of  maintaining  an  accuracy  of  1000  (is,  the  new  FI  system  maintained 
an  accuracy  of  200  (is  during  the  test  period. 


Another  test  was  performed  in  order  to  analyze  the  Venetian  blind 
auxiliary  shutters  operation.  For  thl^  purpose  the  auxiliary  shutter 
was  separated  from  the  camera,  and  separate  photocells  were  placed  be- 
hind both  the  camera  and  the  shutter.  These  two  signals  were  mixed  and 
the  resultant  signal  was  photographed  on  an  osolUoscope . From  Fig. >13, 
it  is  apparent  that  the  auxiliary  shatter  opens  before  the  selected 
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disc  opening,  and  closes  before  the  next  disc  opening*  This  illustrates 
the  lack  of  need  for  aToxiliary  shutter  synchronization.  Various  coding 
patterns  are  shown  in  this  figure. 

In  order  to  illustrate  the  effect  of  non -synchronization,  a photo- 
cell was  placed  behind  the  lens  of  each  camera  and  the  piuisie  shifter 
purposely  varied  to  cause  a separation  between  individual  car.ora  ex- 
posures. The  output  from  these  photocells  was  mixed  and  photographed 
on  an  oscilloscope.  Fig.  lU  shows  both  individual  photocell  signals 
as  well  as  the  effect  of  non-synclironization  for  errors  of  l,  2,  3 and 
U milliseconds. 

Since  no  modifications  ware  made  on  the  camera  axis,  the  original 
accuracy  should  be  maintained . Tests  to  determine  the  internal  camera 
accuracy  will  be  made  at  a later  date. 

VII  SUMMARY 

The  PI  instrumentation  system  provides  a method  for  the  deteradna- 
tion  of  trajectories  of  guided  missiles  and  other  projectiles  means 
of  two  precision  plate  camera  theodolites.  These  cameras,  set  up  on 
an  accurately  measured  baseline,  are  calibrated  and  oriented  means 
of  photographed  star  trails  or  terrestrial  reference  points 

The  camera  shutters  are  synchronized  to  an  accuracy  of  200  ns,  and 
are  coded  by  means  of  an  auxiliary  capping  shutter.  All  events  are 
recorded  with  respect  to  absolute  and  relative  timing. 

This  method  of  recording  trajectory  data  lends  itself  to  rapid 
reduction  by  means  of  either  optical -mechanical  evaluation  instruments 
or  analytical  methods  using  high  speed  calculating  machines . 

At  the  present  time-  the  firat  PI  system,  designated  PI-AB,  is 
being  tested  under  actual  field  conditions.  New  systems  of  PI  instru- 
mentation are  being  developed  on  the  basis  of  the  experience  gained 
frem  this  system. 
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TABLE  1 A 

FREQUENCY  OF  DISC  SHUTTER  OPENINGS 


Actual  Exposures 


Table  1 A.  lists  the  number  of  exposures  per  luiit  tijne  for  the 
different  combinations  of  take  code  and  disc  shutter  frequency.  As 
an  example,  assume  that  the  disc  shutter  is  opening  12  times  per  second. 
If  the  Take  code  is  set  at  U pulses  per  exposure,  there  will  be  three 
exposures  every  second. 
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TABLE  1 B 
TAKE  CCDE 

PULSES  PER  EXPOSURE 
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32 
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15 

7 
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1 

- 

Exposxires  between  drops 

The  relation  bcV„’sen  the  Take  code  and  the  Drop  code  is  shown  in 
Table  1 B'.  If  pictures  are  being  taken  at  a rate  of  one  every  fourth  pulse 
(Take  code  U)  and  the  exposure  that  would  occur  on  every  sixteenth  pulse  is 
dropped  (Drop  code  l6)  there  will  be  3 exposures  between  each  drop. 

This  coding  would  rasu].t  in  a repetition  rate  of  3 exposures  per 
second  with  every  fourth  exposure  dropped. 
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FIG.  6. 
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/a- 

Fig.  Showing  Superimposed  Shutter  Pulses  and  an  Auxiliary  Shutter 

Cycle.  The  Timing  Marhs  in  this  Test  are  from  the  60  Cycle 
Frequency  Standard  Used  in  Place  of  the  Normally  Recorded 
Coded  Timing  Signals. 
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Fig.  Star  Trail  Recording  from  "B"  Camera  with  Successive  Aperature 

Settings  of  f;  5.  5,  f:8andf:H 
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CODER  SETTING  TAKE  2 
DROP  0.  EVERT  2ND.  SHUTTER 
DISC  OPENIHG  IS  USED  BY  THE 
AUXILIARY  SHUTTER. 


CODER  SETtiNG  TAKE  4 
DROP  0.  EVERY  4TH.  SHUTTER 
DISC  OPENING  IS  USED  BY  THE 
AUXILIARY  SHUTTER. 


CODER  SETTING  TAKE  6 
DROP  0.  EVERY  8TH.  SHUTTER 
DISC  OPENING  IS  USED  BY  THE 
AUXILIARY  SHUTTER. 


CODER  SETTING  TAKE  16 
DROP  0.  EVERY  I6TH.  SHUTTER 
DISC  OPENING  IS  USED  BY  THE 

^ijvi^i  Aov 


FI6.  13 

SHOWING  OPERATION  OF  THE  AUXILIARY  SHUTTER  IN  RELATION 
TO  THE  DISC  SHUTTER, 
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INDIVIDUAL  SHUTTER 
PULSES  FROM  EACH  CAMERA. 


I M S.  ERROR  IN  DlSq 
SHUTTER  SYNCHRONIZATION. 


Z M S.  ERROR  IN  DISC 
SHUTTER  SYNCHRONIZATION. 


3 M.S.  ERROR  IN  DISC 
SHUTTER  SYNCHRONIZATION. 


4 M.S.  ERROR  IN  DISC 
SHUTTER  SYNCHRONIZATION. 


FiG.  14 

SHOWING  DISC  SHUTTER  SYNCHRONIZATiON  WITH  VARIOUS 

degrees  of  accuracy. 
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